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Vibrational properties of Ga-stabilized #-Pu by extended x-ray absorption fine structure
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Temperature-dependent extended x-ray absorption fine strU&X#FS) spectra were measured for a 3.3
at.% Ga stabilized Pu alloy over the range 20—-300 K. EXAFS data were acquired at both thelGalge
and the P, edge. Curve fits were performed to the first shell interactions to obtain pair-distance distribution
widths o as a function of temperature. The temperature dependene€Tofwas accurately modeled using a
correlated-Debye model for the lattice vibrational properties, suggesting Debye-like behavior in this material.
Using this formalism, we obtain pair-specific correlated-Debye temperadiggs of 110.7 £1.7 K and
202.6-3.7 K, for the Pu-Pu and Ga-Pu pairs, respectively. The result for th® Bualue compares well
with previous vibrational studies oftPu. In addition, our results represent the first unambiguous determina-
tion of Ga-specific vibrational properties in PuGa alloys, (&, for the Ga-Pu pair. Because the Debye
temperature can be related to a measure of the lattice stiffness, these results indicate the Ga-Pu bonds are
significantly stronger than the Pu-Pu bonds. This effect has important implications for lattice stabilization
mechanisms in these alloys.
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[. INTRODUCTION to the o form upon cooling, possibly through a Martensitic
phase transformatioh’®
Plutonium in its elemental form presents a complicated Other than a tendency to form trivalent cations, relatively
picture of phase stability.indeed, Pu may adopt one of six little is known about the mechanism of these so-called *
crystallographically different phaseg (3, v, 8, §', ande) stabilizers.”® Band structure studies have suggested that Al,
upon heating from room temperature to its melting point ofGa, and Sc impurities diffuse thef Sands, thereby remov-
913 K. This complex phase behavior has been explained, i their involvement in bonding and leading to the stability
part, by the behavior of the PufSorbitals which fluctuate ©f @ more commong-bonded transition metal-like phaSe.

between itinerant and localized behavior. In this heuristideckeret al. have employed amb initio LDA approach to

framework, elemental Pu represents the transition poinftudy the lattice relaxation in a BiGa supercell cluster, and

along the actinide series from the delocalized electronic nalind evidence of a lattice contraction around the Ga site

ture of the early actinide§Ac-Np) to localized, lanthanide- which rg—zlaxes the bonding constraints for the neighboring Pu
like f-orbital character observed for the heavier actin?des."’ltomsw'L Other theoretical workS point to a substantial level

Theoretical calculations currently support the hypothesis th f 51 Iogahzatlon in thes phasé and have speculated o3n a
. . . -“Kondo-like model for the involvement of thef ®lectrons:
the 5f orbitals are delocalized for elements lighter than Pu in

L . . . Analysis of the vibrational properties in these materials is
the actinide series and localized for those heavier thah PUyiso important for understandinyphase stablization. Unfor-

This view of the relationship between electronic and CrySta"tunater, measurement of the phonon dispersion using con-

lographic structure is reinforced by comparing the compleX gntional inelastic neutron scattering techniques is trouble-
phase behavior and structures obs_erved_for pure U, Np, angyme given the difficulty in growing high-quality single
Pu metals as opposed to the relatively simple structures ORyystals. An alternative approach is to evaluate the Debye
served for the elements Am and beyond. temperaturéd, using various structural techniques. Ledbet-
The structural and electronic relationShipS that exist beter et a|'l4 emp|oyed ultrasonic wave measurements of elas-
tween thea and 6 phases have received much attention dueic constants for 3.3 at. % G&Pu and calculated @ pvalue
to some unusual observations. Pure face-centered ¢fagbjc  of 115 K. The thermal behavior of 5.0 at. % A-Pu was
6-Pu is stable from 593 to 736 K, and exhibits a 25% in-studied by temperature-dependent neutron powder
crease in volume relative to that of the ground state phasegiffraction'® yielding a similarly low value of® =132 K.
monoclinic @-Pu. However, it is well known that the fcc More recently, Lynnet al® studied a 3.6 at. % Ga&-Pu
structure can be stabilized down to ambient temperature byample using neutron-resonance Doppler spectroscopy, a
the addition of small amounts~3—-9 at.%) of alloying technique that can determine element specific values for
elements such as Al, Ga, In, Sc, and‘Gdowever, at lower ©p. The experiments determined a Pu-specific value of
impurity atom concentrations, th& phase converts directly ©p=127 K, and assigned a Ga specific valué&gf=255 K,
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although with relatively large errors{22 K). As a test of B. EXAFS data acquisition and analysis
the Debye model, one can check _the assumptio.n of equal p|ytonium L,;- and gallium K-edge x-ray absorption
force constants for the Pu and Ga sites by comparing the Gapectra were collected at the Stanford Synchrotron Radiation
Op to the ymp,/mg, weighted value of 236 K derived from | aporatory(SSRL) on wiggler beamline 11-2 under normal
the P_u_QD value. Thus, this comparison does not exclude_thering operating conditions using a nitrogen-cooled(&20),
possibility that the Ga atoms experience a stiffer force fielg,git-tuned, double-crystal monochromator operating in unfo-
compared with the Pu atoms. cussed mode. The vertical slit height inside the x-ray hutch
In this article, we present temperature dependent EXAFa5 0.3 mm which reduces the effects of beam instabilities
(extended x-ray absorption fine-structuEpectroscopic re-  angq monochromator glitches while providing ample photon
sults for 3.3 at. % Ga&-Pu as a means of discerning differ- g, The puL,,-edge spectra were measured in transmission
ences in the vibrational character of the Ga and Pu siteggge using Ar-filled ionization chambers. The ®aedge
Previously, EXAFS studies on Ga stabilizéedPu have fo-  gpectra were measured in fluorescence mode using a 30-
cused on isothermal measurements at either th&@athe  gjement Ge array solid state detector developed by Canberra
PuL,, edges, and have revealed some important efféctS. |nqustries. The detector was operated-at5 kHz per chan-
In general, these studies indicate that the Ga atoms reside Hél, and the signals were digitally processed using the DXP

their_ expecteq fcc Iattice_positions although there is an apzc/4t developed by X-ray Instrumentation Associates.
preciable lattice contraction observed for the Ga-Pu bonds xars raw data treatment including calibration, normal-

(~3-4%). Surprisingly, the contraction in Ga-Pu bonds iSjzation, and subsequent processing of the EXAFS and
significantly  larger than the collapse calculatedxaNES (x-ray absorption near-edge structuspectral re-
theoretically® or the contraction expected from Vegard’s law gions was performed by standard methods reviewed
based on a simple substitutional alloy. In addition, EXAFSg|sewher#® 2! using theExarsPAK suite of programs devel-
data show increased disorder for the Pu-Pu near neighb@peq hy G. George of SSRL. Typically, three XAFS scans
interactions. These results indicate that there are unexpecteghansmission or fluorescencavere collected from each
site-specifi(_: lattice effects ogcurring in these materials. sample at each temperature and the results were averaged.
The outline of the paper is as follows. Details of sampleThe spectra were energy calibrated by simultaneously mea-
preparation and EXAFS experimental setup and data analysig,ring the absorption spectrum for the reference samples
are discussed in Sec. Il. The results of curve-fitting analysis,‘puo2 or Ga0,. The energies of the first inflection points for
and modeling the temperature dependence using the COIgie reference sample absorption ed@eswere defined at
lated Debye model are presented in Sec. lll. A discussion 0{gp53 1 eV(PuL,,) and 10368.2 eMGaK). The EXAFS
the results and their relation to oth®y, studies is presented i,reshold energieg, were defined as 18070 and 10385 eV
in Sec. IV, and the conclusions are given in Sec. V. for the Pu and Ga edges, respectively. Nonlinear least-
squares curve fitting was performed on #feweighted EX-
IIl. EXPERIMENTAL DETAILS AFS data using thEXAFSPAK programs.
A. Sample preparation The EXAFS data were fit using theoretical phase and am-

ick 239 foi 0 plitude functions calculated from the progrargrFs.1 of
A ~6 um thick “Pu foil (3.3 at. % Gawas prepared pepret al2223 Al of the Pu-Pu interactions were modeled

from 20 year old material by melting to remove accumulated,.jsing single scatteringSS paths derived from the model
helium, followed by subsequent annealing, cutting, and ro”'compound, unalloyeds-Pu, a;..=4.6371 A% The Ga-Pu

ing. The foil was further homogenized at 450 °C 600 h  gg interactions were modeled by using the same model com-
to ensure that single-phasé;Pu was produced. Transmis- nong structure and replacing the central absorbing atom
sion x-ray diffraction was performed at LLNL and confirmed \yith Ga. An initial series of fits was done on the raw By

the presence of the fcc phase, with no significant amounts of, GaK-edgek®-weighted data sets using the expected fcc
other Pu phases present. In preparation for EXAFS analySigear_neighbor interactions at 3.28, 4.64, 5.68, and 6.56 A and
the foil was electropolished to remove any accumulated OXfixing the coordination numbers at 12, 6, 24, 12, and 24,
ide material on the surface. The sample was then encapSysgpectively. The resuli@specially at lowT) confirmed the
lated under argon using a specially designed, triple containgegence of the fcc structure and showed no evidence for
ment x-ray compatible cell manufactured by Boyd Tech. Theyiner unusual structural effects. That is, we observed no

first level of containment consisted of coating the sample "bhase changeé.e., 5—a) or previously postulated meta-
a thin film of liquid polyimide solution that was allowed to ;1o impurity ph:ase?s‘;.'ze This first level of analysis was

oo an, alumnum frame and sesled witin two addiional2.20 (el (0 estabish values B and AE, by fiing coor
dination numbersN and aIIowingS(z), AEg, o2, andR to

layers of x-ray transparent Kapton windoy@010 in. thick. . .

The windows were clamp mounted onto the aluminum b0d>yary. The final values used were taken from averaging over
with stainless steel window frames and using indium wire aéhe range of temperatlzjres Studied: for Sé’FO'SS’ AEo=

a vacuum seal material. The triple-contained sample wag 12 €V and for Gza,So=_0.85, AEy,=—10 eV. The rela-
Subsequent|y mounted in an Open Cyc'e ||qu|d he”um f|owt|Ve|y IOW Value OfSO Obta]ned for Puin thIS a||0y IS Close to
cryostat for variable temperature EXAFS measurementshe lower range of] values reported for a wide variety of
Temperature measurement errors are withih K, and are  compoundg! However, due to the lack of report&d values

stable within~0.2 K. for Pu alloys in the literature, it is not clear whether this
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value is anomalous or represents a real physical characteris- LAV e B B LA L AL
tic of the Pu atoms in this material. Forcing the fits to use a [293 K A
higher value ofS(2,=O.9 leads to extremely poor quality fits, 50 :—210;2
particularly with respect to the EXAFS amplitude envelope. :17ok y

As a result of the preliminary analyses, all of the subse- 40 '—140k‘ AN
qguent fits described here focussed on isolating the behavior EWMAM

of the first shell Pu-Pu and Ga-Pu interactions in a highly

constrained manner. Thus fits were done on Fourier-filtered Re % %\NV\M/\AMANW
data using the same fixé&§ andA E, values for all tempera- f_q 20 3_50 K
tures, along with a fixed coordination numberN& 12 for = C
the first shell. The ability to fixAEg, N, andSS helps to 103_
avoid correlation problems between the fit parameters and to [ 20 K
establish more consistently any changesofhand R that Z
may occur as functions of temperature. or
-10
Ill. RESULTS e
0 5 10 15 20
A. EXAFS raw data and curve fitting k (A7)
Figures 1a) and Ab) show the rawk3-weighted Pu EX- 7 T
AFSL,, data and the corresponding Fourier transfo(FE) %’%-/\*B
for the 5-Pu sample as a function of temperature. The FT 6 F 20K~ N\

- 170 K N

represents a pseudoradial distribution function and the peaks
are shifted to loweR values compared to real interaction
values as a result of the phase shifts associated with the
absorber-scatterer interactions 0.1-0.2 A for Pu-Pu As

the sample is cooled from 293 to 20 K, the EXAFS scatter-
ing amplitude increases systematically due to decreased ther-
mal motion of the atoms in the lattice. As a result, the effec-
tive measurablek-range increases substantially at lower
temperature. This effect is equally visible in the correspond-
ing FT's. As the temperature is lowered, the intensity of the
FT peaks increases dramatically, and the spectra reveal a
pattern consistent with that expected for a fcc lattice. The
first shell Pu-Pu peak seenat3.1 A corresponds to 12 Pu
near neighbors in the fcc structure and increases in maximum
peak height while also narrowing with decreasing tempera- g
ture. The second, third, and fourth shell peaks-dt4, 5.4, R{(A)

and 6.3 A which correspond to real interactions at 4.64, 5.68, FIG. 1. PuL, -edgek®-weighted EXAFS dat#A) and the cor-

and 6.56 A are clearly affected by thermal effects and betesponding Fourier transforni) for the 5-Pu sample as a function

come distinguishable %nly below 80 K. temperature. Data were acquired in transmission mode and Fourier
The GaK-edge ravnk®-weighted EXAFS and correspond- transformed over the ranges shown in the figure.

ing FT's are shown in Figs.(d) and Zb). This series of

spectra qualitatively exhibit the same thermal behavior ob- Following initial inspection of the datésee Sec. )l we
served in the PW -edge EXAFS data, that is, increased chose to focus our analyses on the isolated first shell contri-
scattering amplitude along with detection of more distantoutions, in part, due to the high signal-to-noise obtained rela-
neighbors are apparent with decreasing temperature. Thie to the more distant shell interactions. Thus by curve-
spectra are dominated by the peak-a3.0 A, attributed to fitting the Fourier-filtered first shell components from the Pu
the first shell Ga-Pu interactionsl& 12). At lower tempera- L, and GaK EXAFS, the local vibrational temperature de-
tures, the FT's reveal second, third, and fourth shell Pipendence may be investigated. The first shell interactions
neighbor interactions at-4.4, 5.4, 6.3 A, respectively. In were isolated by Fourier transforming over the datanges
contrast to the behavior observed in the Pu EXAFS, the deshown in Figs. {a) and Za), and back-transforming over the
tection of these longer range interactions is retained up teangeR=2-4 A.

higher temperaturgground 110 K. At this level of analysis, The curve-fitting results summarized in Table | serve to
this observation suggests that the Ga-Pu interactions expeitentify the different temperature dependent and static struc-
ence less thermal broadening than the correspondingiral effects for the Pu and Ga sites in this material. Figure 3
Pu-Pu interactions, which is especially surprising given theshows the resulting curve fits to the Fourier filtered Pu and
decreased reduced mass of the Ga-Pu pair relative to tt®a EXAFS data measured at 20 K knand R space. The
Pu-Pu pair. strong coincidence between the data and the fits serves to

FT Magnitude
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P A TABLE I. Pu L, and GaK-edge EXAFS single shell curve
A fitting results. The first shell interactions were isolated by Fourier

150 -2_125/\/\/\/\/\/\/\/\/! transforming over the datk ranges displayed in Figs.(A) and

1 2(A), and back-transforming over the ran§e=2-4 A. Several

70K
| 126?/\/\/\/\/\/\-/\/\/\” parameters were held fixed as follows: for Pu and 8&,12; for
1£’EAA/\I\[\/\1WW\N Pu, S3=0.55 andAE,=—12 eV; and for GaS;=0.85 andAE,

=-—10 eV.
o 100
. | 80K Sample Pu-Pu shetl Ga-Pu shell
e:: i Temp (K) R(A) a? (A? R (A) a? (A?
20 3.290 0.00280 3.160 0.00275
50 3.292 0.00381 3.160 0.00332
80 3.293 0.00511 3.160 0.00395
110 3.301 0.00680 3.160 0.00512
140 3.301 0.00905 3.160 0.00609
NMARRARAR 170 3.306  0.01039 3.163 0.00764
10 12 14 16 210 3.316 0.01275 3.165 0.00953
293 3.297 0.01821 3.171 0.01264

3 rrors in R and o are estimated to be-0.005 A and+10%
based on EXAFS fits to known model compounds, see Ref. 21.

and Ga-Pu Debye-Waller factors’. The values foro? in-

crease with temperature consistent with greater thermal dis-
order, as expected. However, according to Table I, the Pu-Pu
first shell shows much greater disorder at higher temperature
than the corresponding Ga-Pu shell. Moreover, this occurs in

||||||| T 111 |||||| 10\\\\\\\\\\\\‘\\\\

FT Magnitude
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FIG. 2. GaK-edgek3-weighted EXAFS dat&A) and the corre-
sponding Fourier transform@®) for the §-Pu sample as a function
temperature. Data were acquired in fluorescence mode and Fourie
transformed over the ranges shown in the figure.

20 Pu .
- (x2)

FT Magnitude

illustrate the highly refined nature of tifeFFs.1calculations
as well as the appropriateness of the fitting procedure em-

ployed. Because these fits were highly constrained, any ZTPU

changes in the data are assigned to changBsaind 2. The | (x2)

first effect revealed by these data is the overall contraction of |

Pu atoms around the Ga sites relative to the environment 0_' AL A AN ol I N
around the Pu sites. This “collapse” of about 4% is compa- 5 10 15 20 > 25 3 35 4

rable to that observed by earlier EXAFS studies on "y .
5-Pul’~**The first shell bond lengths for each element ap- k(A7) R(A)
pear to remain constant over the measured temperature
range, at least within the quoted experimental error and uns

. . u
der the constraints outlined above.

FIG. 3. Representative single shell curve fdstted line$to the

L,, and GaK-edge datasolid lineg measured at 20K irfA)

k-space andB) R-space. Data were Fourier-filtered from the raw

spectra over th& and R ranges shown in the plots using Gaussian

window functions with half-widths of 0.5 A® and 0.05 A, respec-
The most dramatic effect depicted in this data set is thaively. Pu data shown are multiplied by a factor of 2 for the purpose

difference in the temperature dependence between the Pu-Bticomparison to the Ga data.

B. Vibrational analysis
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0.020 e TABLE II. Comparison of Pu and Ga specific Debye tempera-
L " tures obtained foB-Pu by various techniques.
0.015 - Pu-®,, n &-Pu alloy Pu®p Ga0, Method
. r 1 3.3 at. % Ga 110.7 EXAFS
L 0.010 |- ] 202.6 EXAFS
N L ] 127 neut. ab$
L i 255 neut. abs.
0.005 - ] 105 bulk mod”
E ] 115 elasti¢
0.0000 i il 6.6 at. % Ga 127 elastft
0 50 100 150 200 250 300 5.0 at. % Ga 132 elastfc
Temp (K) 132 neut. diff.

FIG. 4. Temperature dependence of EXAFS Debye-Waller fac®Neutron Resonance Doppler spectroscopy, Ref. 16.
tors for first shell Pu-Puupper dataand Ga-Pulower data inter- bUsing the relation from Ref. 31 and the experimental bulk modulus
actions plotted along with fits generated using the correlated Debyenoted in the text.
model. “Ultrasonic measurement of 3 principal elastic constahs Ref.
14.
Spite of the fact that the Ga-Pu pair has a lower reducedDerived from Young’s modulus, and torsional moduus3, Ref.
mass. To study this effect more carefully, the temperature2g.
dependence of the Debye-Waller factors was modeled b$also derived fromE and G, Ref. 30.
employing the correlated-Debye model to determine the DefNeutron diffraction, Ref. 15.
bye temperaturé’
5 5 with respect to the Pu-Pu pair may indicate the presence of a
Oimead T) = Ostarict F(T, cp). (D local lattice anomaly from a vibrational standpoint, which

The temperature-dependent part of the Debye-Waller facto?omd be related to the observed lattice contraction measured
F(T,6.p) is given within the correlated-Debye model by ~ around the Ga sites.

ho )dw IV. DISCUSSION

h
F(T,0.p)= z—f p,—(w)cotanVE ST
M B It is instructive to compare the EXAF®p results de-
where u is the reduced mas#,p is the correlated Debye scribed here with those obtained from previous studies. Table
temperature, and the phonon density of states at podijon |l summarizes thép, values fors-Pu determined from our
is?8 study along with those from earlier works. We also make
special note of the differences in the methods used to deter-

’
w

3w? sinwR;/c) mine these values, which is important for a proper interpre-
Pim 5 |+ 7 T wR /e (2)  tation. The elastic values @p are obtained by ultasound
wp j

measurements of “bulk” lattice wave properties extrapolated
in which wp, is the usual Debye frequency aee- wp/kg  down to T=0 K.*2°%The “pulk modulus” value uses a
wherekg is Boltzmann’s constant. The expression in brack-theoretical relationshify where ® ,=41.63,r,B/M to de-
ets of Eq.(2) takes into account the correlated motion of therive @ from an experimental value fd=450 kbar. The
atom pairs. ®p value from neutron diffraction also represents a bulk
Using this formalism, we obtain the fits shown in Fig. 4, measurement of lattice thermal behavibHowever, since it
and determine pair-specific correlated-Debye temperaturas derived from thermal displacement factors specifically at-
®.pof 110.7£1.7 Kand 202.6 3.7 K, for the Puand Ga tributed to the Pu atoms, it is referenced®@g,,. The ®
sites, respectively. This analysis also estimates a value foralues obtained from EXAFS and neutron resonant
Osaic=0.02 A. Assuming that only 36% of the Pu atoms absorptiof® are distinct from those derived from the other
experience a direct Ga contraction, we can estimate thmethods in that they are element specific, yet there are im-
maximum static distortion by embedding a 0.12 A contractedortant differences to be noted. EXAFS inherently measures
GaPuyj, cluster in an undistorted lattice and calculate the firstonly phonon modes that involve specific atom pairs., we
shell distribution around the contracted Pu atoms. Using thisnust consider the reduced mass for the )pdin contrast,
approximation we obtain a maximumig,;c=0.05 A. Al-  neutron resonance absorption measures the average of all
though the expected distortion will be less due to furthermodes associated with a single atomic spe(ies, only the
lattice relaxation, our value of 0.02 may indeed reflect addiimass of the absorbing atom must be considered
tional relaxation and ordering around the Pu sites. The data In general the Pu specific values ®f obtained from all
appear to fit the model quite accurately, indicating that thehe techniques are similar in that they are all quite low, rang-
local pair vibrations can be described using the correlateding from 104 to 132 K. It is not our intent to discuss these
Debye model. However, the high€r., of the Ga-Pu pair differences since they come from such a wide variety of
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techniques and variability in samples. The Ga-specific Debyéulk moduli provides an equivalent description for the in-
temperatures do, however, require more careful discussiomrease in strength gained in going from Pu-@u Ga-Ga

in relation to the Pu-specific values. As mentioned in Sec. Ipbondsg to Ga-Pu bonds. This unusually large increase in sta-
neutron resonant absorption found a Ga speé€ificvalue of  bility of a Pu(Ga matrix by addition of GgPu) is reflected

255 K +22 K which, compared to thgmp,/mg, weighted in the existence of very stable Pu-Ga compouds, large
value of 236 K, does not exclude a slightly stiffer force field heats of formatiopy some of them exhibiting congruent melt-
than the one around the Pu sites. Analogously, EXAFS yieldig. It would be interesting to extend this work to other alloy
a Ga specifi® . of 202.6-3.7 K which may be compared compositions to quantify more appropriately these findings
to the expected value of 164 (Ke., the\/up,/ gy Weighted —and have a better understanding of the unusual synergistic
value. The observation of a significantly highér, for the  effects due to alloying in Pu-Ga and related systems.

Ga-Pu pair relative to that expected for a simple substitu-

t@onal lattice _model, coupled With_the anomalously large lat- V. CONCLUSION

tice contraction around the Ga sites clearly suggest that the

Ga sites reside in a significantly stronger force field. The Pair specific Debye temperatures for the Ga-Pu and Pu-Pu
shorter Ga-Pu bonds, in fact, inherently imply a strengthenpairs in 5-Pu were determined using a correlated-Debye
ing of the Ga-Pu bonds relative to the Pu-Pu bonds. model fit to temperature dependent EXAFS Debye-Waller

Regarding factors that contribute faphase stabilization, parameters. Using this formalism, we obtain pair specific
these results are consistent with the Ga atoms having a sigorrelated-Debye temperaturéd., of 110.7-1.7 K and
nificant influence on the local electronic structure. One obvi-202.6-3.7 K, for the Pu-Pu and Ga-Pu pairs, respectively.
ous possibility is that charge transfer exists between the Gahe results for thed ., Pu-Pu pair compare well with pre-
pd states and the corresponding @fistates. In fact, a de- Vious vibrational studies o-Pu. In addition, our results
tailed model of hybridization was discussed in earlier workrepresent the first unambiguous determination of Ga-specific
which measured the Gé-edge XANES in a Pu-Ga alldy.  vibrational properties, i.e, Ga-P@.p, in PuGa alloys. Be-
This orbital overlap will directly dictate the extent of lattice cause the Debye temperature can be related to a measure of
vibrational distortions and local geometry within the crystalthe lattice stiffness, these results indicate that the Ga-Pu
structure, that is, with a preference towards a fcc lattice irbonds experience a stronger force field than the correspond-
the presence of Ga. Therefore, the results of this EXAFSng Pu-Pu bonds. This effect has important implications for
study give evidence for the impact of the vibrational proper-lattice stabilization mechanisms in these alloys. If the vibra-
ties on the local lattice effects in the Pu-Ga alloy systemtional properties irg-Pu are dependent on the type of impu-
More work with otheré stabilizing elements is needed to rity, further studies of Debye temperatures with other “sta-
determine if this is a universal characteristic applicable to albilizers” will be important for discerning key aspects of the
o-phase stabilizers. stabilization mechanism.

From the results of this study, we may also estimate val-
ues for “pair-specific bulk moduli.” Indeed, according to the
empirical relation between bulk modulus and Debye tem-
perature established by Moruzt al.! we deduce from our This work was performed under the auspices of the U.S.
calculated Debye temperatures for Pu and Ga values of 498epartment of Energ¢DOE) by the University of California
and 1666 kbar, respectively, for the bulk modulus. Since thé.awrence Livermore National Laboratory under Contract
Pu-Ga alloy we have been studying has a composition in thBlo. W-7405-Eng-48. This work was partially supported
dilute limit, this implies that Pu is mostly surrounded by Pu(C. H. B, by the Office of Basic Energy Sciences, Chemical
atoms whereas each Ga site can be viewed as embedded iBaiences Division of the U. S. DOE, Contract No. DE-
Pu matrix. In addition, the bulk modulus of pure Ga metal asAC03-76SF00098. The authors also wish to thank John Rehr
determined by theor}? 606 kbar, or experimerit 613 kbar, and Alex Ankudinov for helpful discussions. This work was
is quite low in accordance with the low melting point of 308 done (partially) at SSRL, which is operated by the Depart-
K. Hence the dramatic difference between the two estimatechent of Energy, Office of Basic Energy Sciences.
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